Blood vessels (BVs) not only serve as conduits for oxygen and nutrients but may also fulfill perfusionindependent functions. A growing body of data suggests that blood vessels are an integral component of stem cell niches, including stem cell niches in the adult brain. This review summarizes in vivo studies supporting the contention that blood vessels may indeed control function of neuronal stem cells (NSCs) residing in the two major neurogenic niches of the adult brain, namely the sub-ventricular zone and the hippocampus. The review discusses different modes of BV-NSC communication and possible mechanisms by which BV may modulate NSC behavior and responses to external stimuli.
1. Introduction
Blood vessels and stem cell niches: general considerations
Organ homeostasis in the adult, healthy mammalian organism is often governed by local stem cells (SCs). Organ-resident SCs are engaged in continuous production of new cells that further proliferate ('transient amplifiers') and eventually differentiate to the specialized cells of the given organ. Adult SCs reside in specialized microenvironments referred to as the 'SC niche' and a continuous communication between SCs and their niche is essential for maintaining SC 'stemness', controlling their proliferation rate and, in cases where SC descendants may produce different types of differentiated cells, securing their balanced stoichiometry. Furthermore, signals from niche cells can modulate SC activity in response to external cues. Notable examples are increased SC activity as a compensatory response to tissue injury and tuning SC activity according to dynamic changes in the demands imposed upon their differentiated progeny.
BVs are poised at a strategic position to play a role in SC niches considering that the intricate vascular network common to all organs always is bound to include some capillary loops sufficiently close to SCs to allow a paracrine BV-SC interaction. Blood vessels may also impact SCs indirectly owing to their function as conduits for blood-borne substances whose tissue concentrations and distribution patterns may impact SC activity. A close proximity between blood vessels and SCs was indeed demonstrated for a number of adult SCs, including sperm SCs (Yoshida et al., 2007) , adipose tissue SCs (Tang et al., 2008) , hematopoietic SCs (Ding et al., 2012) and neuronal SCs (Mirzadeh et al., 2008; Palmer et al., 2000; Shen et al., 2008; Tavazoie et al., 2008) . While BV-SC proximity is clearly a prerequisite for implicating blood vessels as an integral component of SC niches, additional data are clearly required in order to ascribe a defined role for blood vessels in the SC niche. In the hematopoietic system, for example, an unambiguous proof that signals emanating from endothelial cells, like CXCL12 and SCF are essential or proper function of hematopoietic stem cells has been provided (Ding et al., 2012) .
This review focuses on current knowledge on the cross-talk between blood vessels and neuronal stem cells (NSCs) engaged in neurogenesis taking place normally in the adult brain. We will not discuss a possible role for blood vessels in developmental neurogenesis or neurogenesis induced in response to a massive neuronal injury. Findings based on ex-vivo NSC-BV co-cultures will also not be discussed.
The pioneer study by Louissaint et al. (2002) was the first to show that a blood vessel signal mediate increased neurogenesis in response to an external cue. Specifically, it was shown that a seasonal increase in neurogenesis at the high vocal center of a male songbird involves a testosterone-VEGF-BDNF pathway where BDNF induced in blood vessels serves as the proximal neurogenic stimulus. This review, however, is primarily concerned with the proven and putative roles of blood vessels in the adult mammalian brain. Outstanding issues addressed include the question of whether blood vessels in neurogenic niches have some unique properties and open questions regarding the nature of cellular and molecular communication between blood vessels and NSCs or their direct descendants. later shown to take place also in the adult mammalian brain. Adult neurogenesis was first shown in rats (Altman, 1969) and subsequently extended to include other mammalian species, including humans (Eriksson et al., 1998; Spalding et al., 2013) . Adult neurogenesis was mostly studied in the adult mouse brain where it is predominantly restricted to two specific sites, namely, the subventricular zone (SVZ) and the hippocampal dentate gyrus (DG). It is generally assumed that the reason why adult neurogenesis is confined to these two locations is that these are the only sites where NSCs in the adult brain reside rather than the lack of an appropriate, conducive microenvironment in other brain locales. Both SVZ and DG neurogenesis were shown to proceed throughout life even though neurogenesis in both sites decays with progressive age (Encinas et al., 2011; Jin et al., 2003; Katsimpardi et al., 2014) . Neuroblasts generated at the adult SVZ niche out-migrate rostrally toward the olfactory bulb (OB) where they eventually mature, differentiate and integrate in the existing neuronal network as new inhibitory inter-neurons. DG-born neuroblasts give rise to granule cells integrated within the DG network and contribute to certain learning skills like spatial pattern separation (Aimone et al., 2014) . For a comprehensive review on the SVZ and DG neurogenic niches see Bjornsson et al. (2015) and Fuentealba et al. (2012) .
To evaluate the impact of niche cells on different steps in the overall process, neurogenesis is conveniently dissected to include the following progenitors and intermediates:
1 Slow-dividing, 'true' stem cells dubbed as B1 cells for SVZ NSCs and Radial-glia-Like (RGL) cells for DG NSCs. The SVZ B1 cells are adjacent to the ventricular space and, surrounded by a pinwheel structure of ependymal cells (Mirzadeh et al., 2008) . The hippocampal RGL cells are morphologically distinguished by a cell body embedded in the subgranular zone (SGZ) and an elaborate arbor of cytoplasmic projections extending to the inner molecular layer of the DG (Mignone et al., 2004) . Typical of stem cells, both B1 cells at the SVZ and RGL cells at the DG are mostly quiescent. They divide asymmetrically to selfrenew and generate one immediate progenitor cells. With regard to the self-renewal capacity of hippocampal NSCs, it was reported that these cells can only divide asymmetrically and only for three consecutive times before turning into inert astrocytes (Encinas et al., 2011) whereas another study has shown that under certain circumstances RGL can also increase in number via symmetrical divisions (Bonaguidi et al., 2011) . 2 Intermediate progenitor cells directly derived from stem cells. These rapidly dividing cells with a round morphology and few processes are dubbed type C cells and IPC/TAP cells for the 'rapid amplifiers' of the SVZ and DG, respectively. Type C cells are located further laterally from the ventricle and IPC/TAP cells are usually found in the SGZ and outer hilus. In the DG, 75% of these cells are naturally eliminated by microglia (Sierra et al., 2010) . 3 Neuroblasts, also dubbed as type A cells in the case of SVZ-born neuroblasts. Type A neuroblasts migrate rostrally using the rostral migratory stream (RMS) route while engaging cycles of division (Ponti et al., 2013) and then migrate tangentially to reach their final destination at the granule cell layer and periglomerular layer of the OB. DG-born neuroblasts are considered post-mitotic and do not move more than 100 μm away from their birth site in populating the DG granule cell layer (Bonaguidi et al., 2011) . 4 Electrophysiologically active newborn neurons integrating into the existing neuronal network. Newborn OB neurons differentiate into granule and periglomerular inhibitory interneurons are more sensitive to stimuli than preexisting neurons (Livneh et al., 2014) . Newborn DG neurons appear to possess some unique properties as well (reviewed by Vivar and van Praag, 2013) . Many extrinsic factors such as growth factors, cytokines, chemokines, neurotrophins, steroids and extracellular matrix components were shown to increase or, conversely, decrease neurogenesis. Likewise, experimental manipulations of certain transcription factors and signal transduction pathways were shown to affect neurogenesis (reviewed by Fuentealba et al., 2012) . Hippocampal neurogenesis can be augmented by exercise and/or exposing animals to an enriched environment (Dranovsky et al., 2011; van Praag et al., 1999) , whereas exposure to stress or social isolation reduce it (Dranovsky et al., 2011; Goshen et al., 2008; McEwen, 1999) . SVZ neurogenesis may increase in response to injury and migration of SVZ-born neuroblasts re-directed toward the injury site (Arvidsson et al., 2002) .
The SVZ vascular niche
The anatomical relationship between SVZ stem/progenitor cells and blood vessels has been extensively studied. Advanced imaging methodologies of the ventricular wall revealed the striking proximity of dividing neural stem/progenitor cells to the vasculature (Mirzadeh et al., 2008; Shen et al., 2008; Tavazoie et al., 2008) . Further, engagements with the vasculature were also detected in vascular regions devoid of mural cell coverage, indicating direct contacts (Tavazoie et al., 2008) . Type B1 stem cells were found to extend long cytoplasmic processes with their endfeets contacting nearby striatal vessels (Lacar et al., 2011; Mirzadeh et al., 2008 ) and see Fig. 1A .
While the functional significance of NSCs/endothelial contacts is not completely clear, the possible mechanisms underlying an assumed NSC/endothelial cross-talk may include the following:
I. Endothelially-secreted ('angiocrine') factors. The notion that factor(s) secreted by endothelial cells may impact NSC behavior also gained strong support from in vitro studies using NSC/endothelial trans-well cultures, in which soluble factors from the endothelium enhanced self renewal, neuronal differentiation and Hes1 signaling in NSC (Shen et al., 2004) . As already mentioned above, BDNF was the first endothelial-produced factor shown to greatly increased neurogenesis in the songbird (Louissaint et al., 2002) . The chemokine CXCL12 (SDF1), expressed by endothelial and ependymal cells, was shown to play a role in NSC homing to blood vessels evidenced by migration of transplanted NSCs expressing cognate CXCR4 receptors toward CXCL12-producing endothelial cells and inhibition of migration using NSCs nullified for CXCR4 (Kokovay et al., 2010) . Pigmentedepithelium derived factor (PEDF), similarly secreted by both endothelial cells and ependymal cells was shown to activate symmetric selfrenewing divisions of B1 cells via notch signaling (Andreu-Agullo et al., 2009; Ramirez-Castillejo et al., 2006) . Likewise, endotheliallysecreted neurotrophin-3 (NT-3) from brain vessels including the choroid plexus, is required to sustain SVZ neurogenesis and regulate NSC quiescence (Delgado et al., 2014) . Overexpression of betacellulin, an EGF family member normally expressed as well in the choroid plexus and in vessels surrounding the ventricle, promotes cell proliferation in the neural stem cell niche and stimulates neurogenesis (GomezGaviro et al., 2012) . Finally, two endothelially-derived GPCR ligands, namely sphingosine-1-phosphate and prostaglandin-D 2 were found to actively maintain the quiescent state of SVZ stem cells (Codega et al., 2014) . For a more comprehensive review on vessel-derived molecules affecting neurogenesis (including molecules produced by pericytes, astrocytic endfeet and vascular smooth muscle cells) see Goldman and Chen (2011) . II. Contact-dependent signaling. Several studies have investigated the role of contact-dependent signaling in the SVZ vascular niche with particular attention to integrin-mediated signaling. NSCs and neural precursors are embedded in a laminin-rich extracellular matrix, to which they and blood vessels contribute. These cells also share expression of the laminin receptor α6β1 integrin and α6β1 blockade inhibits binding of SVZ progenitor cells to blood vessels (Kazanis et al., 2010; Shen et al., 2008) . α6β1 inhibition also resulted in NSC migration away from blood vessels and in their increased proliferation (Shen et al., 2008) . β1 integrin was found to be abundantly expressed on type C cells but only at a low level in B1 cells (i.e., label-retaining NSCs). Upon recovery from an ablative Ara-c treatment, and concomitantly with their mitotic activation B1 cells upregulated β1 expression (Kazanis et al., 2010; Shen et al., 2008) . Direct cell-cell interactions between NSCs and endothelial cells were indeed shown to enforce NSC quiescence and promote stem cell identity of B1 cells. Mechanistically, endothelial ephrinB2 and Jagged1 were also shown to mediate these effects evidenced by an increase in the SVZ neurogenic output on the expanse of stem cell depletion upon endothelial-specific depletion of these genes (Ottone et al., 2014) . Together, these findings underscore the critical role of adhesion to blood vessels and of contact-dependent signaling in maintaining NSC quiescence. III. Signaling by blood-borne substances. Blood-borne substances can gain access to the SVZ neurogenic zone either via the choroid plexus-CSF route or more directly via the SVZ vasculature. For the latter to be efficient, some loosening of the Blood-Brain-Barrier (BBB) might be required. SVZ vessels were indeed shown to allow better access of circulating fluorescent tracers to the brain parenchyma than vessels located in other cerebral regions (Tavazoie et al., 2008) . Prolactin, a pituitary gland-derived hormone upregulated during pregnancy and carried by the bloodstream induces a wave of enhanced SVZ neurogenesis starting at day 7 of gestation in pregnant mice. Augmented neurogenic output of SVZ NSCs induced by prolactin is thought to enhance much needed olfactory learning skills in the mother-to-be (Shingo et al., 2003) . A vivid demonstration of a blood-borne growth factor stimulating SVZ neurogenesis was recently obtained using a heterochronic parabiosis approach, i.e., linking the circulations of young and old mice. Here a circulating factor, subsequently identified as GDF11 was found to augment SVZ neurogenesis in the old mice where neurogenesis has already substantially declined (Katsimpardi et al., 2014) . Interestingly, exposure to young circulating factors also induced morphological changes in the endothelium albeit these changes were not unique to the SVZ vascular niche. IV. Endothelial fractone-mediated signaling from the Cerebrospinal fluid (CSF). The SVZ vasculature is unique among other cerebral vessels, including vessels in other neurogenic zones by virtue of possessing long fractones, i.e., long sleeves composed of extracellular matrix but devoid of cellular material (Mercier et al., 2002 ) and see Fig. 1B . These thin (2-5 μm in diameter) tubular extensions of SVZ vessels are rich in laminin and heparan-sulfate proteoglycans. The majority of these fractones extend all the way to the ependymal surface directly contacting the CSF-filled ventricle (Kerever et al., 2007; Shen et al., 2008) . Intriguingly, endothelial fractones were also shown to contact BrdU + NSCs thus allowing, in principle, a direct signaling by CSF factors to NSCs (Kerever et al., 2007) . It was indeed shown that FGF2 contained in CSF is efficiently captured by heparan sulfate on fractones and stimulates SVZ cell proliferation (Douet et al., 2013) . Similarly, CSFderived BMP4 efficiently attached to SVZ fractones, but in this case had an inhibitory effect on NSC proliferation (Mercier and Douet, 2014) . Considering the potential significance of fractone-mediated communication between CSF factors and neuronal stem and progenitor cells, it is surprising that endothelial fractones (a structure shown to be unique to the SVZ, Fig. 1B ) have not received more attention. V. Reciprocal signaling from NCS to blood vessels. Does the apparent communication between NSCs and neural progenitors with blood vessels also involve a reciprocal response of NSCs affecting blood vessel characteristics? Type B1 cells were indeed found capable of transmitting Ca ++ currents to capillaries through their cytoplasmic processes using via gap junctions (Lacar et al., 2011) and purinergic signaling from B1 cells to pericytes evoked local vasoconstriction (Lacar et al., 2012b) . Induction of NSC activation by intra-ventricular injection of EGF and bFGF resulted in an opposing vascular response of vasorelaxation and increased blood flow. Remarkably, the latter response was only observed in SVZ vessels but not in adjacent striatal vessels (Lacar et al., 2012a) . Whether this differential response reflects an intrinsic difference between SVZ vessels and vessels elsewhere in the brain remains to be determined.
So far, our discussion on the SVZ vascular niche dealt with the neurogenic niche proper, i.e. with the site where new neurons are born. Because SVZ-born progenitors and neuroblasts out-migrate from the SVZ to their designated targets at the OB, we find it appropriate to also discuss the essential role of blood vessels in guiding stereotyped migration of these neuronal cells along the RMS. To serve as scaffolds for neuronal migration (Whitman et al., 2009) , RMS vessels have a unique architecture, oriented parallel to each other in a caudal-to-rostral direction (Bozoyan et al., 2012; Colin-Castelan et al., 2011 ; and see Fig. 1C ). This unique vascular orientation is dictated in the postnatal brain via astrocyte-derived VEGF signaling as evidenced by a failure of parallel orientation and a resultant abnormal migration in mice nullified for astrocyte-derived VEGF (Bozoyan et al., 2012) . Our own study has shown that induced collapse of the RMS vascular network via conditional VEGF knock-down results in a complete failure of newborn neuronal precursors to out-migrate from the SVZ (Licht et al., 2010 (Licht et al., , 2015 .
Once reaching the OB, radial migration of incoming neuroblasts to their final destinations within the OB appears to also involve the use of blood vessels and their astrocytic endfeet as a scaffold (Bovetti et al., 2007) .
In search of endothelially-secreted factors that might guide neuroblast migration along the vascular scaffold, it was first noticed that RMS endothelium is the only cerebral vascular bed expressing BDNF normally and it was subsequently shown that BDNF promotes the migration of neuroblasts expressing cognate p75NTR (Snapyan et al., 2009) . Noteworthy, ectopic BDNF induction in striatal endothelial cells in an experimental striatal stroke model promoted vasculatureassociated migration of neuronal precursors toward the damaged brain region (Grade et al., 2013) .
Another candidate endothelial factor that may play a role in the SVZ and RMS is EphB4 that while widely expressed in the endothelium of the developing brain, its expression becomes progressively restricted to include only the SVZ and RMS vasculatures during early postnatal life and only SVZ vessels in the adult brain (Colin-Castelan et al., 2011) .
The hippocampal vascular niche
While hippocampal neurogenesis has been extensively studied and many insights were gained regarding hippocampal NSCs and neurogenic process, little is known regarding the hippocampal vascular niche.
Anatomically, the DG vasculature has a stereotypic branching pattern with capillaries originating from arterioles at the hippocampal fissure descending perpendicularly to the GCL and then turning at the GCL interface. Some capillaries cross the GCL toward the hilar side and then change direction and go parallel to SGZ in a rostral-to-caudal direction (see Fig. 2 ). Overall, these vascular configurations provide ample opportunities for physical contacts between DG vessels, NSCs and neural NSC descendants and in both hilar and molecular aspects of the GCL.
Palmer and co-workers were the first to show that proliferating cells in the SGZ are in close physical proximity to blood vessels (Palmer et al., 2000) . Because this study used nuclear staining to track dividing cells, the observed BrdU + cell clusters more likely represent IPCs rather than the relatively quiescent NSCs. Co-visualization of blood vessels and hippocampal RGLs (unambiguously identified on the basis of their unique radial glia-like morphology with the aid of nestin promoterbased transgenic reporters (Mignone et al., 2004; Petrik et al., 2013) ) allowed detecting multiple points of RGL contacts with blood vessels involving both RGL cell bodies and extended processes (Licht, unpub- lished, see Fig. 2B and C).
The hippocampal vasculature is normally quiescent and several studies utilizing VEGF for stimulating vessel proliferation in the hippocampus have shown that concomitantly with VEGF-induced DG neovascularization there is also a significant increase in hippocampal neurogenesis (Cao et al., 2004; Jin et al., 2002; Licht et al., 2011; Udo et al., 2008) . Further studies are required, however, to determine whether the neurogenic activity of VEGF depends on its angiogenic activity or, alternatively, that the two represent unrelated VEGF functions. Parenthetically, improved learning and memory induced by VEGF are unrelated to its neurogenic activities and could be attributed to VEGF- Fig. 1 . Anatomy of SVZ and RMS vessels. Co-visualization of blood vessels and stem/progenitor cells in coronal sections of the SVZ: (A) SCs and neuronal progenitors were marked using a nestin-CreERT2 mouse (line 016261 from the Jackson laboratory) crossed to an Ai9 reporter mouse (red) and blood vessels were highlighted with CD31 (white). Note long processes extended by B1 SCs toward striatal capillaries. Engagements with capillaries are better seen in the enlarged image of the boxed area on right representing an Imaris™-aided 3D reconstruction (several angles are shown). (B) Visualization of SVZ fractones via co-staining of endothelial cells with CD31 and endothelial basement membranes with laminin. Fractones are identified as laminin+/CD31-structures distributed throughout the SVZ (encircled by dashed lines) but not in nearby striatum. Neural stem and progenitor cells were highlighted using the same Cre line as above and a floxed GFP reporter. (C) Visualization of RMS vasculature in the same mice as in B (the higher magnification of the confocal image on the right corresponds to the boxed region in the brain scheme). Note the longitudinal orientation of RMS vessels and their tight association with migrating neuroblasts. V-lateral ventricle, CP-choroid plexus, Str-striatum. Scale bar, 50 μm.
induced (reversible) modulations of neuronal activity (Licht et al., 2011) .
Could it be then that expansion of the niche vasculature is on its own sufficient to augment DG neurogenesis? Physical exercise-increased neurogenesis was correlated with increased DG blood flow (Pereira et al., 2007; van Praag et al., 2005) and with increased DG microvascular density (MVD) (Van der Borght et al., 2009 ). Interestingly, VEGF was found to be necessary for exercise-induced adult hippocampal neurogenesis but not for basal hippocampal neurogenesis (Fabel et al., 2003) . The latter is consistent with our study showing that VEGF blockade does not impair normal DG neurogenesis, indicating that ongoing VEGF signaling is dispensable for maintaining basal neurogenic level (Licht et al., 2011) . The finding that inducing hippocampal vessel proliferation with placental-derived growth factor (PlGF) is not accompanied by increased neurogenesis (Cao et al., 2004) , however, runs counter to the thesis that mere vascular expansion is sufficient to augment neurogenesis and raises the possibility that some qualitative change induced in blood vessels by the respective factor might be responsible for enhanced neurogenesis. We note in this regard that even a short, 2 week episode of VEGF induction (the minimal time required for newly added vessel to reach a VEGF refractory stage) is sufficient for an increased neurogenic rate to persist for many months later (Licht, unpublished) . For one, this result shows that newly-added vessels do not need to be continually activated in order to exert a neurogenic increase.
A quantitative increase in hippocampal microvascular density could, in principle, support neurogenesis by providing additional 'docking' sites for DG NSCs and more opportunities for paracrine and contactdependent communication in a similar manner to the NSC-BV modes of communication discussed above for SVZ neurogenesis. Alternatively, an expanded DG vasculature is bound to improve provision of bloodborne systemic factors that may positively impact neurogenesis. Since only one out of four newly-made neuroblasts survives (Encinas et al., 2011; Sierra et al., 2010) , additional circulating trophic factors may increase the finite number of added neurons by affecting survival. Exercise-induced increase in serum IGF1 was correlated with enhanced angiogenesis and neurogenesis (Llorens-Martin et al., 2010; Lopez-Lopez et al., 2004) .
Circulating factors may also affect neurogenesis in a negative manner. For example, blood-borne corticosterone (McEwen, 1999) and the chemokine CCL11 (Villeda et al., 2011) were both shown to negatively affect neurogenesis. In the latter case, parabiosis experiments were used to further show that the systemic milieu can inhibit or, conversely, promote adult neurogenesis in an age-dependent fashion with a systemic factor from young mice exerting a rejuvenation effect of neurogenesis in old mice and vice versa. 
Perspectives and future directions
Taken together, findings summarized above lend strong support to the notion that blood vessels are an integral component of both the SVZ and DG neuronal stem cell niches in the adult brain. Overall, data suggesting a role for blood vessels in the regulation of NSCs (or of further downstream events of adult neurogenesis) are much more compelling for the SVZ niche but are only scanty per the hippocampal neurogenic niche. Currently, arguments for implicating blood vessels in NSC control are still mostly based on their intimate physical contacts established via cytoplasmic processes extended by NSCs in both niches (and in the SVZ also through endothelial fractones) thereby allowing also for contactdependent communication. It would be of interest to examine where these physical engagements are dynamic and modulated by external cues. Of particular interest in this regard is the dendrite-like arbor of the hippocampal RGLs shown to contact blood vessels (Fig. 1B, C) whose function is currently unknown. Identifying signals contributing to attraction and anchoring of NSCs and their processes to blood vessels, particularly in the hippocampus also deserves further research.
Advancing from the state of 'guilt by association' to identification of specific factors elaborated by the vasculature and impacting on particular NSC properties is currently at a very early stage. Ultimately, it may require resorting to approaches such as conditional EC-specific knock-out of selected candidate genes (Delgado et al., 2014; Ottone et al., 2014) . Preceding this paramount undertaking, however, further characterization of the niche vasculature might prove instrumental. Some fundamental issues to be addressed include the followings: are the SVZ and the DG vascular beds intrinsically different from vascular beds elsewhere in the adult brain? A recently-published paper addressed this question by FACSisolation of EC and pericytes from the SVZ and the cortex (Crouch et al., 2015) . However, they could not find an intrinsic difference between the two vascular beds in supporting neurogenesis. If not inherently different, is some external stimulus required to render these vessels a niche support element? If indeed so, is a continuous exposure to this signal required? It is also possible that even a quiescent endothelium from anywhere in the brain is capable of providing a niche support and that proper communication with NSCs is solely determined by NSC site of residence. Welldefined, niche-specific vascular manipulation should aid discerning between these not mutually-exclusive possibilities and possibly also provide some clues on the nature of vascular signals impacting NSCs. For example, if mere increase of the niche MVD proves sufficient to augment basal neurogenesis then the search should focus on blood-borne substances and, considering that a higher MVD may also secure improved supply of oxygen and nutrients, to factors impacting on NSC metabolism.
Independently of issues concerning the nature of vascular signals are studies aiming to delineate particular neurogenic sub-processes into which vascular signals might contribute. For example, can certain vascular manipulations, particularly in the hippocampal niche impact on NSC self-renewal and/or NSC quiescence in the hippocampus? These questions are also ought to be viewed in light of apparent agedependent decay in overall neurogenesis and findings on progressive reduction in DG NSC number (Encinas et al., 2011) and age-dependent increase in NSC quiescence in the DG (Lugert et al., 2010) and the SVZ (Bouab et al., 2011) . In the broad sense, It might be speculated that 'neurogenic aging' might not be entirely due to NSC exhaustion and/or aging or to age-related changes in the circulatory milieu (Katsimpardi et al., 2014; Villeda et al., 2011) but also due to 'niche aging', in general, and to 'vascular aging', in particular. In case that the latter process actually exists, experimental 'rejuvenation' of the niche vasculature might be contemplated.
